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Introduction
In most of the previous studies of inelastic buckling behaviour of uncorroded and corroded 51 bars, researchers only investigated a single diameter reinforcing bars. Among those only 52 Monti and Nutti (1992) and Kunnath et al. (2009) reported that a change in bar diameter 53 might have an influence on inelastic buckling behaviour of uncorroded reinforcing bars. In 54 another study, Kashani et al. (2015c) reported that bar diameter might have a negative impact 55 on low-cycle fatigue life of uncorroded reinforcing bars but it doesn't affect the stress-strain 56 behaviour of these bars. However, there has not been any comprehensive experimental study 57 to explore the size effect on inelastic buckling and post-yield buckling behaviour of 58 uncorroded and corroded reinforcing bars. This is still an open issue to be addressed by 59
researchers. 60
The aim of this paper is to answer the following questions: 61 (i) Does bar diameter influence the buckling stress and post-yield buckling behaviour of 62 uncorroded bars? 63 (ii) Does bar diameter influence the significance of corrosion damage on inelastic buckling 64 of corroded bars? 65 (iii) Are the existing state-of-the-art computational (i.e OpenSees) and analytical (uniaxial 66 material models) models able to accurately simulate the post-yield buckling behaviour of 67 reinforcing bars with different bar diameters? 68 This paper is answering the above questions by exploring the influence of bar diameter on 69 inelastic buckling behaviour of uncorroded and corroded bars experimentally. A total of 110 70 buckling tests on uncorroded and corroded reinforcing bars are conducted. The test 71 specimens were varied in diameter and slenderness ratio. The impact of corrosion on 72 maximum buckling stress (buckling capacity) and post-yield buckling behaviour of corroded 73 bars with various diameters are investigated. Finally, a critical review on the accuracy of 74 existing state-of-the-art computational and analytical models is provided and comparison 75 between the experimental results and these models have been made. 76
The outcome of this study shows that bar diameter influences the post-yield buckling 77 response of reinforcing bars with small slenderness ratio (L/D ≤ 8, where L is the length and 78 D is the diameter of bar). However as the slenderness ratio increases the influence of bar 79 diameter on post-yield buckling response of uncorroded bars reduces. Although bar diameter 80 influences the stress-strain behaviour of short uncorroded reinforcing bars (in post-buckling 81 region), it is not significant enough to affect the inelastic behaviour of RC sections. In 82 contrast, the experimental results show that bar diameter has a considerable negative impact 83 on buckling stress loss (buckling capacity loss) of corroded bars. It is found that as bar 84 diameter increases the influence of bar diameter on buckling of corroded bars also increases. 85
The experimental results of this study are used to calibrate and update the new uniaxial 86 material model developed by Kashani et al. (2015b) . 87
Experimental programme 88

Specimen preparation 89
The corrosion of reinforcing bars inside concrete is a very slow process. Even in very 90 aggressive environments it takes years for chloride ions to reach the reinforcement and 91 initiate corrosion. Therefore, corrosion has to be realistically accelerated in the laboratory 92 environment. To this end, a total of four reinforced concrete specimens were cast. Two 93 specimens dimensioned 250×250×750mm incorporated 7 number 10mm diameter and 7 94 number 12mm diameter each cast, Further two specimens dimensioned 250×250×950mm 95 were also cast that each of them incorporated 7 number 16mm diameter and 7 number 20mm 96 diameter reinforcing bars. The RC test specimens are shown in Fig washed with tap water and dried. The brushing and washing process was then repeated a 121 second time. It should be noted that the same brushing process was applied to the uncorroded 122 control specimens and it was found that the effect of brushing on the mass loss of base 123 material is negligible. Further details of accelerated corrosion procedure and mass loss 124 measurement method are available in Kashani et al. (2013a) . 125 
Experimental results and discussion
Tension tests and mechanical properties of uncorroded bars 127
The bar diameters considered in this research are 10mm, 12mm, 16mm and 20mm. For each 128 group of test specimens three tension tests are conducted to characterise the mechanical 129 properties of reinforcing bars. Table 1 summarises the mechanical properties of test 130 specimens (average value of three tension tests for each bar diameter) and Fig. 3 shows the 131 typical stress-strain curve for each group of test specimens. 132 bars was longer than the maximum stroke of the testing machine. Therefore it couldn't be 154 tested. Fig. 4 (a) shows that the stress-strain response of the group of bars with L/D = 5 is very 155 similar to tension envelope. However, as the L/D increases the post-yield softening response 156 due to buckling is seen. Fig. 4(b) shows that the group of bars with L/D = 8 experience some 157 yield plateau before softening due significant lateral deformation induced by buckling. Fig. 4  158 shows that all of the bars with L/D > 8 have softening response immediately after yield stress. 159 Fig. 4 shows that the influence of bar diameter (size effect) is more significant in the group of 160 bars with L/D = 5 and 8. This is because in bars with small slenderness ratio (L/D ≤ 8) the 161 spread of plasticity covers a significant portion of the entire length of the bar. Therefore, the 162 plasticity around the jaws (inelasticity around the boundary support), ribs pattern and size 163 effect at micro structure of material is more visible in the average stress-strain response. 164
However, in group of bars with L/D > 8 the spread of plasticity is localised (plastic hinges) in 165 three locations (both ends and in the middle). Therefore, the second order effect (geometrical 166 nonlinearity) has more significant influence on the stress-strain response than the size effect. Therefore, after buckling the significant portion of the length of the bar becomes plastic. 201 Moreover, the lateral deformation due to buckling is very small and the geometrical 202 nonlinearity (second order effect) is almost negligible. However, corrosion resulted in a 203 reduction in yield stress (mean stress based on mean reduced area) in these bars and 204 subsequently premature buckling. For most bars the post-yield behaviour followed the same 205 pattern as tension envelope. Only, a few highly corroded specimens with percentage mass 206 loss of more than about 40% showed some softening type response due to buckling. For 207 example a 20mm diameter bar with 56.23% mass loss ratio shown in Fig. 6(d) has severe 208 post-yield softening response. This is because corrosion changes the effective slenderness 209 ratio of corroded specimens. The buckled shaped of this corroded bar is shown in Fig. 7(a They then showed a softening type response in post-yield buckling region. The bars with 237 highly localised pitting corrosion showed a small yield plateau after yielding and 238 subsequently a post-yield softening (e.g. Fig. 8 (a) 22.13% mass loss). This is due to the 239 yielding and squashing of the smallest pitted section prior to buckling. This behaviour was 240 consistent in all bar diameters. The post-yield buckling response of this group of corroded 241 bars with different bar dimeter showed a similar trend to their corresponding uncorroded 242 specimens but with a reduction in the buckling stress. Fig. 8 
Influence of corrosion on buckling stress reduction of reinforcing bars 277
The impact of corrosion on the buckling stress reduction (buckling capacity reduction) of 278 
Correlation between buckling stress pitting coefficient and bar diameter 318
The correlation between the pitting coefficients (reported in Table 1 ) and bar diameter is 319 investigated through nonlinear regression analysis. Fig. 12 shows the results of these 320 regression analyses. The equations of the best fit lines are described in Eqs. (1) The comparison of buckling tests on uncorroded bars with different bar diameters 448 showed that the size effect is more significant in bars with L/D ≤ 8. This is due to the 449 impact of material plasticity in these bars. Further computational research using 3D 450 continuum finite element analysis is required to investigate this phenomenon in more 451 detail. However, in structural engineering point of view, the influence of bar diameter on 452 inelastic buckling behaviour of bars is negligible as it will not have any significant 453 impact on flexural capacity and inelastic behaviour of RC sections/components. 454
(2) The influence of corrosion on buckling stress reduction of reinforcing bars is investigated 455 using linear regression analysis of experimental data. The calculated pitting coefficient of 456 buckling stress reduction is in good agreement with the results observed by Kashani 457 (2013a) . 458
(3) The comparison of results show that bar diameter has a considerable influence on the 459 buckling stress reduction of corroded bars. This is investigated through nonlinear 460 regression analysis of pitting coefficients for bars with different diameters. The analyses 461 results show that there is a strong positive correlation between buckling stress pitting 462 coefficient and bar diameter. In other words, as the bar diameter increases the pitting 463 coefficient increases (i.e. reduction in buckling capacity increases). This is because the 464 non-uniform pitting corrosion induces imperfections along the length of corroded bars. 465
These results show that the impact of corrosion induced imperfection increases as bar 466 diameter increases. 467 (4) Although the experimental results of this research show that bar diameter has an impact 468 on buckling capacity loss (buckling stress reduction) of corroded bars, there is still need 469 for further experimental testing on corroded bars with wider range of bar diameters and 470 mechanical properties. Nevertheless, the outcome of this research highlights that the size 471 effect has a considerable impact on buckling capacity loss of corroded bars and is an 472 important area for future research. Moreover, there is a need for a similar study on 473 corroded bars in tension to explore the significance of size effect on mechanical 474
properties and ductility loss of corroded bars in tension. 475 (5) Comparison of the experimental results reported in this paper with Kashani's 476 phenomenological model (Kashani 2015b ) showed that this model can accurately 477 simulate the post-yield buckling behaviour of uncorroded and corroded reinforcing bars. 478
This model is implemented in the OpenSees and is readily available to the community 479 (researchers and practicing engineers) to be used in nonlinear analysis of corroded RC 480 structures. 481
